Motivation: Gene and species tree reconciliation methods can be used to root gene trees and correct uncertainties that are due to scarcity of signal in multiple sequence alignments. So far, reconciliation tools have not been integrated in standard phylogenetic software and they either lack of performance on certain functions, or usability for biologists. Results: We present Treerecs, a phylogenetic software based on duplication-loss reconciliation. Treerecs is simple to install and to use, fast, versatile, with a graphic output, and can be used along with methods for phylogenetic inference on multiple alignments like PLL and Seaview. Availability: Treerecs is open-source. Its source code (C++, AGPLv3) and manuals are available from https://project.inria.fr/treerecs/ Contact: eric.tannier@inria.fr or david.parsons@inria.fr online.
Context
Phylogeny reconciliation methods are recognized to be powerful tools to understand the evolution of gene families (Szöllősi et al., 2015) , and host-parasite co-evolution (Bailly-Bechet et al., 2017) . They consist in annotating, rooting or improving gene trees by comparing them to species trees. Available tools Stolzer et al., 2012; Jacox et al., 2016; Akerborg et al., 2009; Szöllősi et al., 2013) , accomplish diverse reconciliation tasks: mainly annotating trees, rooting trees and improving trees. They take into account duplications, transfers, losses or incomplete lineage sorting, with binary or multifurcated gene or species trees, optimize according to a parsimony score or a likelihood function, or sample on a bayesian distribution.
The aim of this article is to cater the need for a reconciliation software that would be easy to install (for example several current pieces rely on external libraries making the installation tedious and difficult), easy to use (the formats for gene names and species names, or reconciled gene trees are often very specific, not flexible, and not compatible with one another -reconciled trees are difficult to vizualize), efficient on simple functions (no current software can efficiently correct and root highly multifurcated gene trees at the same time) and that could be applied together with standard phylogenetic software using multiple sequence alignments. We present Treerecs, a new reconciliation software that possesses all these qualities.
Usability
Treerecs is available on Linux, Mac OSX and Microsoft Windows, and does not require any external library to be used 1 . Debian and RPM packages are currently in preparation.
As do all reconciliation software, Treerecs requires 3 kinds of information: a rooted species tree, one or more gene trees (rooted or not) and a mapping between the leaves of gene trees and those of the species tree. One frequent difficulty with reconciliation software is the strict formats for the inputs. Treerecs accepts Newick, NHX and PhyloXML, and does not 1 CMake and a C++14 capable compiler are required to compile Treerecs require any special treatment for special characters frequently reserved for the format, as @,#,_,|. For the gene species mapping, it can be informed by the user in a separate file. In this case the column for genes and species does not matter. Alternatively, the mapped species can be specified in the gene names. In that case, the species name corresponding to a given gene is direclty sought in its name, with no requirement on its position nor on the separation character. Unless there is an ambiguity, i.e. if the gene name contains several species names, Treerecs is always able to infer the mapping automatically.
The output can also be given in a variety of formats including RecPhyloXML (Duchemin et al., 2018) , and SVG for display purposes (see Figure 1 ).
Efficiency
Basic functionalities of Treerecs include: (i) computing and showing reconciled gene phylogenies within the associated species tree with duplications and losses, (ii) rooting gene trees by searching a root minimizing the duplication and loss score (iii) resolving multifurcated nodes in gene trees, minimizing a duplication and loss cost, (iv) correcting gene trees by contracting weakly supported branches (according to a contraction threshold) and resolving the multifurcations minimizing the duplication and loss score. Resolution and correction are achieved using the ProfileNJ algorithm (Noutahi et al., 2016) . Note that the resolution and rooting can be done at the same time, a feature which no other current reconciliation software efficiently achieves. When there are several solutions for rooting, resolving or correcting, Treerecs outputs one or more random solutions from a uniform distribution. We provide metrics (likelihoods computed from site subtitution models and from gene content models) to give the possibility to choose among these solutions. Figure 2 presents a comparison between Treerecs and three other reconciliation software: Ranger-DTL , Notung (Stolzer et al., 2012) and ecceTERA (Jacox et al., 2016) Computation times are shown for 9 trees of different sizes from the Ensembl Compara database (V73) in three use cases. (i) root: searches a root that minimizes a reconciliation score, (ii) correction: creates polytomies by removing branches whose support is below a specified threshold (here the median of supports for each tree), (iii) root+correction: does both at the same time (note that only Treerecs and ecceTERA support this feature).
Fig. 3.
Likelihoods of ALE and PLL. We are looking for a contraction threshold that can maximizing both the PLL function (on sequence information) and the ALE (on reconciliation). The dot shows the maximum of the joint likelihood (reached by contraction of branches with a support value below 31). basic functions. Treerecs (purple) can be used in any situation with a reasonable execution time. With the exception of the rooting task, for which ecceTERA is notably the best, Treerecs is computationally more efficient than competing tools.
Integration
Treerecs offers more than just the basic functions presented above. In particular, it can compute the phylogenetic likelihood of a tree given a multiple sequence alignment, using the Phylogenetic Likelihood Library (PLL Flouri et al. (2014) ). It also computes the reconciliation likelihood of a gene tree given the species tree with ALE (Szöllősi et al., 2013) . This allows, for instance, to explore the gene tree space, via a variation of the contraction threshold for branches with low support, scored by a joint likelihood. This procedure is illustrated in Figure 3 . Furthermore, Treerecs is integrated in the future version of Seaview (Gouy et al., 2010, release 5 .0 in preparation), already available from the Treerecs website. Thus, it can be used with a graphical interface along with a standard phylogenetic pipeline.
Evolvability
We are currently working on including Lateral Gene Transfers (LGT) in reconciliations, as well as on the possibility to provide unresolved species trees as input.
